Kinetic assays for WT AP and mutants were conducted in 100 mM NaMOPS, pH 8.0, 100 mM NaCl, 1 mM MgCl 2 , and 100 M ZnCl 2 at 25 C. The rate constant for WT AP pNPP hydrolysis 3 was used to estimate the expected second-order rate constant shown in parenthesis for the enzymatic reaction if the chemical step rather than diffusion was rate-limiting as described in Text S1. The rate constant for WT AP pNPS hydrolysis was measured here using a discontinuous assay (see Methods) and is good agreement with the previously published value using a continuous assay. 4 e Values for E322Y and R166S/E322Y AP are from [ 5 ] . The value for R166S AP is from [ 6 ] . The rate constant measured for R166S/E322Y AP pNPS hydrolysis activity is an upper limit and the value in parenthesis is the expected value if the effects on activity of the Text S1.
The hydrolysis activity of pNPP by WT AP is limited by association rather than a chemical step, as suggested by studies that probed the viscosity dependence of activity. 3, 12, 13 The absence of heavy-atom isotope effects for the AP-catalyzed pNPP hydrolysis reaction also suggests that a nonchemical step is rate-limiting for the hydrolysis of this substrate. 14 10 for WT AP reported in Table 1 and Table S1 . (Table  S2) , consistent with catalysis of both substrates occurring in the same active site. Table S1 . c Values from Figure S2 . As the pNPS concentration used in the assay was near the observed K M , which suppresses the inhibition from arsenate, we corrected for this effect using Eq. S1, which gave a value of K i = 66 M, in close agreement with the inhibition constant observed for the phosphatase activity. 
162-catalyzed reactions of pNPP (closed circles) and pNPS (open circles).
The values of K i for arsenate for these reactions are 2.7  0.1 mM and 5.8  0.3 mM, respectively. The combined fit to all of the data is shown (line) and gives a value of 3.7  0.5 mM. The pNPS concentration used in the assay was near the observed K M , which suppresses the inhibition from arsenate, and correction for this effect using Eq. S1, gives an estimated value of K i = 3.9 mM, in close agreement with the inhibition constant observed for the phosphatase activity. 
